/-type doublet transitions for HCN molecules in the first excited bending state 0110 have been measured for the isotopic species H 13C14N, H 12C15N, H 13C15N, D 13C14N, D 12C15N and D 13C15N. The measurements improve and complete the set of available coupling constants of the vibrationrotation interaction in this bending mode. All known Z-type coupling constants are collected and compared with those obtained from the Z-type splitting of the rotational lines and those obtained from ab-initio calculation of the energy hypersurface.
I. Introduction
Hydrogen cyanide, HCN, is a simple triatomic linear molecule and its vibration-rotation spectrum has consequently been studied extensively in the infrared region [1] [2] [3] [4] and in the microwave region [4, 5, 6 ] for the main isotopic species H 12C14N and D 12C14N . Recently the main isotopic species H 12C14N has been studied in highly excited vibrational states by millimeter wave spectroscopy in active laser plasmas [7] . For the species which contain 13C and 15N, however, the vibration-rotation interaction constants have been determined only by measurements of the Z-type doublet transitions in the frequency range between 6.5 and 26.0 GHz, using the isotopic species in their natural abun dances [8] . These interactions have also been investigated for some isotopic species containing tritium from the Z-type splitting of the rotational lines by millimeter wave measurements [9] .
In this paper direct Z-type doublet transitions of isotopically enriched samples, which have been studied in the microwave region from 8 to 53 GHz, are reported for the first excited bending state. Hereby the microwave spectra of the doubly enriched isotopic species H 13C15N and D 13C15N have been obtained for the first time, whereas transitions of the other isotopic species have been remeasured with higher accuracy in a wider fre quency range. Unpublished results of the Z-type splitting of some rotational lines, which were measured in the course of the determination of the substitution structure of hydrogen cyanide and hydrogen isocyanide [10] , are presented for the isotopic species H 12C15N, H 13C15N, D 12C15N and D 13C15N. The resulting Z-type doubling parameters are collected and compared with those constants taken from the literature and with those obtained by ab-initio calculation of the energy hypersurface [11] .
The investigation of the microwave and millimeter wave spectrum of the radioactive isotopic species H 14C14N and D 14C14N is planned in order to com plete this work. These measurements should be of considerable astrophysical interest to provide data to possibly detect the unstable carbon isotopic species in the interstellar matter. In general the isotopic species of hydrogen cyanide are useful for the determination of the relative isotopic abun dances of the elements carbon, nitrogen and hydrogen in the interstellar medium.
II. Experimental Procedures
The hydrogen cyanide samples were prepared by liberating this weak acid by means of phosphoric acid from the solid potassium cyanide salt and in the deuterated cases by means of deuterated sulfuric acid. The following isotopically enriched potassium cyanides were used: K 12C15N The microwave measurements were performed in the frequency region from 8 GHz to 53 GHz using a Hewlett-Packard spectrometer, model 8460 MRR. Four different backward wave oscillators were used to generate the microwave power in the X, P, K and R-bands, whereas the frequency region above 40 GHz was covered by doubling the frequency of the K-band backward wave oscillator radiation. Sufficient power for spectroscopic purposes could c Present work.
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e Effective coupl ing constant of the vibration and rotation. f From the computed linecentre, References [5] and [6] .
s Corrected values of Reference [9] .
be obtained over the frequency region from 40 GHz to 53 GHz. All measurements were performed in a two-meter X-band Stark cell at room temperature and with sample pressures of about 10 millitorr (1.3 Pa). The applied Stark voltages were chosen as high as possible in order to modulate the absorp tion lines as fully as possible. In the case of the deuterated species, however, the Stark effect electric field strengths were reduced in order to prevent a glow discharge in the absorption cell, since the sample pressures had to be increased because of the moderate degree of deuteration which could be maintained in the absorption cell. There fore, most lines were measured with an electric field strength of the Stark field between 3000 and 3200 V/cm.
III. Theoretical Considerations
Since hydrogen cyanide is a triatomic linear molecule, there are three modes of vibration, of which the bending mode is doubly degenerate. This degeneracy is lifted due to the Coriolis coupling between vibration and end-over-end rotation. The quantum number Z, which describes the internal angular momentum, is restricted by the vibrational quantum number v to l = v,v -2 , ... In order to fit the observed data for HCN it is necessary to consider higher order terms in the coupling constants. In most cases it is sufficient to truncate the series after the third term, so that we take [13, 14] q = qo -q iJ { J + 1) + qoJ2{J + I)2 ■ (3) Since the last term will make observable con tributions to the rotational energy only for high J the first type of transitions discussed, with A J = -f-1 and 111 = 1, may be adequately represented by [15] 
where Bv and D v are the rotational and centrifugal distortion constant in the vibrational state. For the second type of transitions with, A J = 0 , the transi tion frequencies are [16] 
IV. Assignment and Discussion
In Tables 1 to 2 the measured frequencies v0bs are listed. Using Eq. (5) the coupling constants and the calculated frequencies reai were determined. These frequencies are extrapolated to higher and lower frequencies in order to have predictions in the radio frequency and in the millimeter wave region. In Table 3 all the coupling constants which were determined in this work are collected together with those of the isotopic species H 12C14N and D 12C14N reported in the literature [4] , Table 3 also contains /-type doubling constants as determined according to Eq. (4) from the Z-type splitting of the rotational lines [5 -7, 9, 17] . Table 4 lists the unpublished Z-type doublet rotational lines of the isotopic species H 12C15N and H 13C15N and their deuterated analogs [17] .
The empirical coupling constants are compared in Table 5 with the ab-initio values, which were obtained from calculations of the energy hyper surfaces by Hennig, Kraemer, and Diercksen [11] . These SCF-calculations were modified in several ways, which show differences in refinement. In the CI-SD case all single and double excitations from the occupied to the virtual molecular orbitals are included in the SCF-calculations, whereas in the CI-SDQ case contributions of unlinked clusters to 
